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Future high precision electroweak measurements require understanding of Standard Model expectations to multi-loop
accuracy, both, for the prediction of production cross-sections of signal and background, as well as for pseudo-
observables. I review recent results from precision calculations and summarize projections and implications for the
Tevatron, the LHC, CEBAF, and the ILC.
1. INTRODUCTION
Electroweak (EW) theory enters collider physics in three distinct places. Precision calculations at high loop orders
(reviewed in Section 2) are required to compute so-called pseudo-observables, such as the mass and width of the W
boson or the weak mixing angle, so as to permit a meaningful comparison with their values extracted from experiment.
In turn, this extraction demands another class of computations that are used (via Monte Carlo generators or explicitly
applied corrections) by the experimentalists to interpret their data (see Section 5).
Finally, all relevant experimental and theoretical information needs to be gathered and analyzed simultaneously.
This necessitates a careful consideration of experimental correlations; the identification of common theoretical un-
certainties; a globally defined set of input and fit parameters; and the conversion of the various theoretical results to
a self-consistent framework of conventions and renormalization schemes. Furthermore, constraints on new particles
arise both, directly from searches and indirectly from very high precision measurements where they may leave foot-
prints, so appropriate combination procedures must be applied. Section 3 exemplifies this using current constraints
on the Standard Model (SM) Higgs boson. Section 4 summarizes the prospects for future precision measurements in
the Higgs sector and of key EW parameters at existing and proposed accelerators.
2. ELECTROWEAK LOOP CORRECTIONS
The four heavy weights of the SM, the Higgs, W , and Z bosons, and the top quark, satisfy, respectively, the simple
tree level relations, MH = λv, MW = gv/2, MZ =
√
g2 + g′2/2v, and Mt = ytv. The vacuum expectation value,
v = [
√
2GF ]−1/2 = 246.2209± 0.0005 GeV, of the CP-even (real) Higgs field component, H, is determined using the
latest experimental results on the µ lifetime [1, 2] and the two-loop calculation [3] to µ decay. λ is defined relative
to the Higgs potential (in unitary gauge after spontaneous symmetry breaking),
VH = −M
4
H
8λ2
+M2H
H2
2
+ 3λMH
H3
3!
+ 3λ2
H4
4!
, (1)
while g and g′ are the gauge couplings and yt is the top quark Yukawa coupling (in an appropriate normalization).
These relations are modified by EW radiative corrections. E.g., the parameter ∆ρˆ may be defined by [4],
∆ρˆ ≡ cos
2 θW
cos2 θˆW
− 1 ∼ 3α
16pi sin2 θˆW
M2t
M2W
, (2)
showing its leading quadratic Mt dependence [5], where cos θW ≡ MWMZ , while cos2 θˆW =
g2
g2+g′2 may be any coupling
constant based definition. In the following we use the one based on MS scheme renormalization with some logarithmic
Mt dependence removed, so that the relation to the effective Z pole mixing angle is almost a constant shift [6],
∆κˆ` ≡ sin
2 θeff.`
sin2 θˆW
− 1 ∼ 0.00125. (3)
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The remaining parameter [7] has a dominantly logarithmic Mt dependence and gets a contribution from the renor-
malization group evolution (RGE) of the QED coupling to the Z scale (injecting an uncertainty from quark loops),
∆rˆW ≡ 1− piα√
2GFM2W sin
2 θˆW
∼ α
4pi sin2 θˆW
ln
M2t
M2W
+ ∆αˆ(MZ). (4)
Except for ∆κˆ`, the full two-loop contributions [8, 9, 10, 11, 12] to these parameters were completed recently. These
calculations became necessary after the leading first two terms in an expansion in M−2t , those of O(M4t /M4Z) [13,
14] and O(M2t /M2Z) [15], showed very poor convergence. The leading three-loop terms of O(α3M6t ) [16, 17] and
O(α3M4H) [18] have also been found. The level of precision anticipated for the LHC and the ILC also requires
the knowledge of mixed QCD-EW effects, especially if enhanced. The leading contributions of this type are of
O(ααsM2t ) [19, 20] and O(ααs) [21, 22, 23]. At the three-loop level, all terms of O(αα2sM2t ) are known, including
both singlet (purely gluonic) [24] and non-singlet [25, 26] terms, and for the latter case also the next two terms in the
expansion in M−2t [27]. Even the four-loop terms of O(αα3sM2t ) have been calculated, again both of singlet [28] and
non-singlet [29, 30] types. Finally, at the level of two EW loops, the O(α2αsM4t ) result were found in [16]. These
results ensure solid SM predictions for pseudo-observables at the LHC, and for almost most purposes even at the
ILC.
3. PRECISION MEASUREMENTS AND HIGGS SEARCHES
The pre-LHC era, driven largely by the very high precision Z pole programs at LEP and the SLC, witnessed a new
level of direct cooperation between experimental and theoretical high energy physics. Not only provided theorists and
experimentalists each other with guidance, but precision calculations entered directly into measurement processes,
in many cases in each step from the planning to final analysis phases. Conversely, experimental information was not
only used but also specifically produced to pitch in wherever theory was unable to provide solid answers as showcased
by the hadronic contributions to the muon g − 2, ∆αˆ(MZ), or the RGE of sin2 θˆW . As a by-product of this mutual
influence, much more time and effort is now being spent to estimate theoretical uncertainties, a task that is difficult
and at the same time indispensable given that these enter straight into the quoted experimental results.
As for the future, the further increase in precision will also require to account for theoretical correlations that can
occur. This is — once individual contributions to theory uncertainties have been obtained and agreed upon — in
fact a more straightforward exercise, but one that so far is often neglected as it can be tedious and time consuming.
The simultaneous incorporation of information from multiple sources will also intensify. New particles will be looked
for in both real production and loops. Up to now these two sectors are analyzed independently or rough (lower) bounds
on new particle masses are imposed when interpreting pseudo-observables in terms of them. However, at variance
with lepton colliders, the search results of the LHC and already at the Tevatron Run II cannot be approximated by
sharp edged exclusion limits even in cases where no excess of events is observed, but will generally take a functional
form in a multi-dimensional parameter space. An example is given in Figure 1 for the SM Higgs boson.
4. FUTURE PRECISION MEASUREMENTS
Kinematic reconstruction entirely dominates the current average of MW = 80.399 ± 0.025 GeV from LEP 2 [33]
and the Tevatron [34]. The final Tevatron combination of the e and µ decay modes may yield a precision of ±14 MeV,
while the LHC (after high luminosity running and the collection of about 400 fb−1) could achieve ±6 (7) MeV for
the e (µ) final state alone. An uncertainty of ±7 MeV would also be achievable with a W± threshold scan at an ILC.
sin2 θˆW has been measured very precisely at LEP and the SLC [35], but the long-standing 3σ conflict between
the most precise values, namely from the left-right polarization asymmetry (SLD) and the forward-backward (FB)
asymmetry into b-quarks (LEP), has never been resolved. Future determinations of sin2 θˆW of similar precision are
therefore badly needed and may be possible to obtain by improving the existing measurements of the leptonic FB
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Figure 1: Left: log-likelihood ratio (LLR) of probabilities conditioned on the Higgs over the background-only hypotheses as a
function of MH from the Tevatron [31] (LEP searches [32] are also included). The observed LLR (solid line) can be added to
the minimum χ2-function obtained from the precision data, resulting in the probability distribution shown on the right.
asymmetries at the Tevatron [36, 37] and polarized Møller scattering at SLAC [38], the latter being discussed as an
interesting opportunity for CEBAF (JLab). The Møller asymmetry would also be the basis for the best determination
(±7×10−5) at the ILC, unless the GigaZ option were realized which would yield the ultimate precision of ±1.3×10−5.
The LHC at high luminosity could also contribute a very high precision measurement comparable to the current world
average provided large rapidity coverage (up to η = 4.9 for jets and missing transverse energy) can be achieved.
For an unambiguous interpretation of these measurements one needs and expects improved determinations of Mt
and ∆α(MZ), calling for further experimental and theoretical efforts in both cases. In the optimistic scenario with
an ILC tt¯ threshold scan (δMt ≈ ±50 MeV), a GigaZ, a reduction in the error of ∆α(MZ) by a factor of three, and a
high precision constraint on αs (both from EW and strong interaction processes), one can determine MH from loop
effects to within 4%. This is to be compared to a ZH threshold scan with a target of δMH ≈ ±40 MeV. Furthermore,
one can compare these results with direct determinations of the Higgs self-coupling, λ, although this would require
a luminosity upgrade of the LHC: 3 ab−1 of data could determine λ to 20% (70%) for 150 GeV < MH < 200 GeV
(MH < 140 GeV). Thus, for a light Higgs one would like an ILC for which a 20% measurement would be feasible
even for MH = 120 GeV. Finally, the LHC could constrain heavy fermion Yukawa and Higgs gauge couplings in the
range of 10 to 30% (even before an upgrade) while the ILC would be very precise here (albeit less so for Hcc¯).
5. USES OF ELECTROWEAK PHYSICS IN THE FUTURE
More recently EW physics has been moving towards becoming a tool (and background) for other objectives. E.g.,
one can measure the W charge asymmetry and Z rapidity distributions at hadron colliders to obtain information
about parton distribution functions (PDFs). Or one can compute W and Z production cross-sections in tandem
with PDFs to determine beam luminosities and detector efficiencies.
By identifying a high `+`− invariant mass peak, 100 fb−1 of LHC data could quite easily discover an extra Z ′
boson not exceeding 4 to 5 TeV in mass [39], depending on the underlying U(1)′ symmetry. To diagnose the Z ′ one
can consult leptonic FB asymmetries and experiments at low energy or low momentum transfer (the Z pole is rather
insensitive to new physics not affecting the Z couplings). Likewise, a high ν` transverse mass peak may reveal a W ′.
All this requires high precision predictions for single gauge boson production [40, 41, 42] for which the next-to-
next-to-leading order fully differential cross-section with leading-logarithmic soft gluon re-summation for transverse
momenta has been completed. O(α) EW corrections and final state single and mulitple γ radiation shift the extracted
MW by 10, −168 and 10 MeV, respectively. Open issues include higher orders in the large EW Sudakov-like
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logarithms, ln s/M2W , O(ααs) corrections, non-perturbative QCD contributions, as well as small x and heavy quark
mass effects.
Acknowledgments
This work was supported by UNAM as DGAPA-PAPIIT project IN115207.
References
[1] MuLan Collaboration: D.B. Chitwood et al., Phys. Rev. Lett. 99, 032001 (2007).
[2] FAST Collaboration: A. Barczyk et al., Phys. Lett. B 663, 172 (2008).
[3] T. van Ritbergen and R.G. Stuart, Phys. Rev. Lett. 82, 488 (1999).
[4] G. Degrassi, S. Fanchiotti and A. Sirlin, Nucl. Phys. B 351, 49 (1991).
[5] M.J.G. Veltman, Nucl. Phys. B 123, 89 (1977).
[6] P. Gambino and A. Sirlin, Phys. Rev. D 49, 1160 (1994).
[7] A. Sirlin, Phys. Lett. B 232, 123 (1989).
[8] A. Freitas, W. Hollik, W. Walter and G. Weiglein, Phys. Lett. B 495, 338 (2000).
[9] M. Awramik and M. Czakon, Phys. Rev. Lett. 89, 241801 (2002) and Phys. Lett. B 568, 48 (2003).
[10] A. Onishchenko and O. Veretin, Phys. Lett. B 551, 111 (2003).
[11] M. Awramik, M. Czakon, A. Freitas and G. Weiglein, Phys. Rev. Lett. 93, 201805 (2004).
[12] W. Hollik, U. Meier and S. Uccirati, Phys. Lett. B 632, 680 (2006).
[13] R. Barbieri, M. Beccaria, P. Ciafaloni, G. Curci and A. Vicere, Phys. Lett. B 288, 95 (1992).
[14] J. Fleischer, O.V. Tarasov and F. Jegerlehner, Phys. Lett. B 319, 249 (1993).
[15] G. Degrassi, P. Gambino and A. Vicini, Phys. Lett. B 383, 219 (1996).
[16] J.J. van der Bij, K.G. Chetyrkin, M. Faisst, G. Jikia and T. Seidensticker, Phys. Lett. B 498, 156 (2001).
[17] M. Faisst, J.H. Ku¨hn, T. Seidensticker and O. Veretin, Nucl. Phys. B 665, 649 (2003).
[18] R. Boughezal, J.B. Tausk and J.J. van der Bij, Nucl. Phys. B 713, 278 (2005) and ibid. 725, 3 (2005).
[19] A. Djouadi and C. Verzegnassi, Phys. Lett. B 195, 265 (1987).
[20] B.A. Kniehl, J.H. Ku¨hn and R.G. Stuart, Phys. Lett. B 214, 621 (1988).
[21] F. Halzen and B.A. Kniehl, Nucl. Phys. B 353, 567 (1991).
[22] S. Fanchiotti, B.A. Kniehl and A. Sirlin, Phys. Rev. D 48, 307 (1993).
[23] A. Djouadi and P. Gambino, Phys. Rev. D 49, 3499 (1994).
[24] A. Anselm, N. Dombey and E. Leader, Phys. Lett. B 312, 232 (1993).
[25] K.G. Chetyrkin, J.H. Ku¨hn and M. Steinhauser, Phys. Lett. B 351, 331 (1995).
[26] L. Avdeev, J. Fleischer, S. Mikhailov and O. Tarasov, Phys. Lett. B 336, 560 (1994).
[27] K.G. Chetyrkin, J.H. Ku¨hn and M. Steinhauser, Phys. Rev. Lett. 75, 3394 (1995).
[28] Y. Schro¨der and M. Steinhauser, Phys. Lett. B 622, 124 (2005).
[29] K.G. Chetyrkin, M. Faisst, J.H. Ku¨hn, P. Maierhofer and C. Sturm, Phys. Rev. Lett. 97, 102003 (2006).
[30] R. Boughezal and M. Czakon, Nucl. Phys. B 755, 221 (2006).
[31] Tevatron New-Phenomena and Higgs Working Group for CDF and DØ, arXiv:0804.3423 [hep-ex].
[32] ALEPH, DELPHI, L3, OPAL, and LEP Working Group for Higgs Boson Searches, Phys. Lett. B 565, 61 (2003).
[33] ALEPH, DELPHI, L3, OPAL, and LEP Electroweak Working Group, arXiv:0712.0929 [hep-ex].
[34] Tevatron Electroweak Working Group for CDF and DØ, arXiv:0808.0147 [hep-ex].
[35] ALEPH, DELPHI, L3, OPAL and SLD Collaborations and Working Groups, Phys. Rept. 427, 257 (2006).
[36] CDF Collaboration: D.E. Acosta et al., Phys. Rev. D 71, 052002 (2005).
[37] DØ Collaboration: V.M. Abazov et al., arXiv:0804.3220 [hep-ex].
[38] SLAC E158 Collaboration: P.L. Anthony et al., Phys. Rev. Lett. 95, 081601 (2005).
4
34th International Conference on High Energy Physics, Philadelphia, 2008
[39] M. Dittmar, A.S. Nicollerat and A. Djouadi, Phys. Lett. B 583, 111 (2004).
[40] D. Wackeroth, “Electroweak physics: Theoretical overview”, arXiv:hep-ph/0610058, presented at HCP 2006.
[41] U. Baur, Int. J. Mod. Phys. E 17, 826 (2008).
[42] TeV4LHC-Top and Electroweak Working Group: C.E. Gerber et al., arXiv:0705.3251 [hep-ph].
5
